progeny were obtained from the cross of K8 × K18 made in Beijing. F 1 plants were then self-pollinated to produce F 2 seeds. One-hundred-and-forty F 2:3 lines were generated from 140 F 2 plants by self-pollination.
Disease resistance screen. The degree of resistance to cucumber downy mildew for each of the parental lines, K8 and K18, as well as the F 1 The inoculation method involved soaking seeds in 5% NaOCl for 10 min, washing the seeds with tap water, placing the seeds on two layers of filter paper in Petri dishes, and germinating the seeds in an incubator at 28°C. When the average radicle length was 5 mm, the seeds were sown individually into plastic pots filled with a steam-sterilized propagation substrate composed of peat, vermiculite, and soil from (http://www.caqs.gov.cn/gg/t20100914_836358.htm). All seedlings were inoculated at the stage of a fully-opened second true leaf with the strain of P. cubensis known to be epidemic in China (5) , collected from cucumber plants at the Nankou experimental farm in Beijing. Both sides of each leaf of the seedlings were sprayed uniformly using a hand pumped sprayer (YH-038, YUANHUA PENWU Factory, Taizhou, Zhejiang, China), to the point of run-off. The inoculum concentration used was 8 × 10 4 sporangia/ml. After inoculation, plants were kept in the dark at 100% relative humidity (RH) for 24 h, followed by 7 to 10 d at 80/100% RH by day/night at a temperature of 20 to 23°C. Symptom assessment. Disease resistance was rated 10 d after inoculation, and a disease index (DI) was calculated as a weighted mean according to the formula: ∑(Number of plants with disease rating × Disease rating) SSR marker analysis. DNA was extracted from young leaf tissue of plants of the parental lines, the F 1 plants, and each plant in the F 2 population using a CTAB extraction procedure (29, 45) . DNA concentration was estimated on a 1% agarose gel Thus, QTL analysis was used for downy mildew resistance assessment in this population.
Construction of SSR marker linkages. Molecular analysis performed on
cucumber lines K8 and K18 using the SSR method resulted in identification of 322 primers generating polymorphic amplicons from a total of 2,360 pairs of SSR primers.
The polymorphic rate was 13.6%. Twenty-three of 322 SSR markers showed polymorphism between the bulk populations. Therefore, these 23 markers and another 30 SSR markers that showed polymorphism in the SSR markers used in this study were developed from whole genome shotgun sequences, and were the same as those mapped for the integrated genetic and cytogenetic map constructed in 2009 (38) . The seven LGs in that map were assigned to the seven corresponding cucumber chromosomes using fluorescence in situ hybridization (FISH) technology (38) . In this study, assignment of chromosomes of the eight LGs was based on common markers between the present map and that of Ren et al. (38) .
LG4 and LG5 were assigned to chromosome 3 (Chr. (Fig. 2) . In summary, this study identified a (Table 3 ). There were no nucleotide binding site (NBS)
resistance genes in this region.
Locus dm5.1 was located at the position of SSR16110. The SSR marker SSR16110
was in the region of 6608865 to 6609246 on the scaffold 000026 without annotation genes. Locus dm 5.2 was located in the region of SSR11012 to SSR16110 within the physical distance of 13,718 kb. These two SSR markers were placed on scaffold 000179 and scaffold 000026. There were 520 predicted genes for synthase, transport proteins, zinc finger domains, peptidase, binding site, and six NBS-type resistance genes (Csa008307, Csa012579, Csa012551, Csa002747, Csa003127, and Csa002745). The functions of these genes are listed in Table 3 .
Locus dm5.3 was placed in the region of SSR00772 to SSR11012 within 20.7 cM on Chr.5. The physical distance between SSR00772 and SSR11012 was 1,367.5 kb, and there were 246 predicted genes in this region. These genes were for enzymes, transport proteins, transcription factors, zinc finger domains, and four NBS-type disease resistance genes (Csa009587, Csa009602, Csa009605, and Csa009775, Table   3 ). The latter could be downy mildew resistance candidate genes. Locus dm6.1 was located at the position of SSR16882 in the region of 25127215 to 25127410 with 195 kb on the scaffold 000002 without annotation genes (Table 3 ). and ffn), and QTLs for horticultural traits (powdery mildew resistance, parthenocarpy, and multiple lateral branching) were mapped with molecular linkages. But these genes or QTLs were not chromosomal mapped since the linkages of these former maps had not been assigned to chromosomes. Sequencing of the whole cucumber genome (19) has made it possible to use more breeder-friendly molecular markers such as SSRs for genetic mapping and MAS in cucumber (6, 38) . mapped to LGs 1 and 6, but the two LGs could not be assigned to corresponding chromosomes. In this study, chromosomal mapping for downy mildew resistance in cucumber was successfully achieved. Loci dm1.1 and dm6.1 were placed on Chr.1 and Chr.6, respectively. Loci dm5.1, dm 5.2, and dm5.3 were linked on Chr.5. Attempts to do comparison analysis for the QTL detected in the two studies were not successful due to a lack of common molecular markers.
Discussion
Many disease resistance genes (R genes) conferring resistance to a diverse array of pathogens, including bacteria, fungi, oomycetes, viruses, and nematodes, have been isolated in plants. The largest R gene family encodes NBS and leucine-rich repeat (LRR) domains (11, 20, 31, 33) . These R proteins have been shown to function as intracellular immune receptors that recognize, directly or indirectly, specific pathogen effectors encoded by avirulence (Avr) genes (2). In the 9930 draft genome, 61
NBS-type resistance gene analogs (RGAs) were identified and were distributed mostly in 11 clusters in the cucumber chromosomes (19) . In this study, the genomic regions bearing the five QTLs of downy mildew resistance in K8 were annotated. In the region of dm5. 
